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Measuring the Performance of Model Wind Turbine Rotors
Everett Earl Fall

-

Dr. Michael P. Davis

DEPARTMENT OF ENGINEERING
Assessing the performance of different wind turbine rotor
shapes to maximize power extracted from wind is an
important topic that intersects the fields of renewable
energy and fluid mechanics. To do this, wind turbines are
modeled at scale and studied in wind tunnels.
Undergraduate mechanical engineering students at USM
have the opportunity to do this using the wind tunnel in the
fluid mechanics laboratory. However, they lack an accurate
and reliable system to take the measurements needed for
such study. This project aimed to reduce the difficulty of
measurement and data acquisition that deters engineering
students at USM from studying the performance of different
wind turbine shapes.

Introduction
The rotor test stand system was designed to measure the
angular velocity 𝜔 of the rotor and the torque 𝑇 imposed
on the rotor shaft by the rotor. These variables are integral
to the calculation of the power coefficient 𝐶𝑃 , the ratio of
power extracted from the wind flow 𝑃 to available wind
power 𝑃𝑤𝑖𝑛𝑑 .
This equation can be supplemented by letting the
available wind power be the time derivative of the kinetic
energy of the volume of air of density 𝜌 passing through
the circular area 𝐴 which the rotor blades sweep out at
speed 𝑢.
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The extracted power could be extrapolated from routine
measurements of electrical current and voltage produced
by the turbine’s generator. However, this method of
calculating 𝑃 has inherent error, due to electromagnetic
losses in the generator, which does not scale well. For this
reason, it is preferable to calculate the 𝑃 as the product of
𝑇 and 𝜔.
Direct measurement of 𝑇 is largely the focus of this
project because methods for doing so at small scale are
not as well established as methods of measure the angular
velocity of a small DC motor/generator.
Additionally, it is important that the system can vary the
back torque, i.e. the resistance to turning, that the rotor
experiences. This is because turbines’ behavior is
contingent upon the amount of back torque it experiences.

Realization

Design
DIRECT MECHANICAL TORQUE MEASUREMENT

• The machining was done by hand using a lathe and a
vertical knee mill because the CNC machine in the USM
machine shop was out of commission. This resulted in
less than ideal aesthetics but fully functional aluminum
parts.

A small permanent magnetic DC
(PMDC) motor/generator (shown
in red), suspended in the test stand
by two ball bearings, was attached
to a thin aluminum moment arm.
A strain gauge (shown in orange)
Wheatstone bridge bonded to the
moment arm/deflection plate
measured the arm deflection
caused by the motor resisting the
torque on the rotor (𝑇) induced
by the wind.

TESTING

Strain Gauges
(Wheatstone Bridge)

The back torque is calculated
using the motor’s torque constant.
This mechanical resistance can be
easily varied by changing the
current supplied to the motor, i.e.
changing the electrical resistance
seen by the generator.
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Calibration of the torque sensor is
done by hanging mass on a beam
which is screwed into the motor
shell, opposite the moment arm
(shown in blue, to the right). This
beam is removed during regular
operation.

One difficulty facing the test stand is the
physical routing of wires around the deflection
plate. It is challenging to organize them in a way
such that there is no residual force on the strain
gauge wires. A hole will be cut from the base
into the slot that the deflection plate resides. The
wires will be routed through this hole and out
the bottom of the wind tunnel, where they will
make the appropriate connections.
With the test stand, an owner’s manual will be
provided to the engineering dept. detailing
construction, use, and technical specifications so
that the stand may be used by engineering
students in their study of wind turbines.

Discussion

Calibration
Weight

Despite difficulties faced while
realizing the design, the wind turbine
rotor test stand does successfully assess
the performance of wind turbine rotors.
In addition to 𝐶𝑃 , the angular velocity
measurement allows the tip speed ratio
to be calculated.

Initial results suggest that the back torque (directly
related to electrical resistance seen by the generator) will
have the expected relationships with generated voltage
and angular speed. The figure below shows the results of
preliminary testing preformed on a PMDC motor of
similar size. The shape of these curves is consistent with
published data (Kang & Meneveau, 2010).

• The strain gauge signal is conditioned using
operational amplifiers (op-amps) packaged in a
LM324N. One op-amp is used to amplify the signal,
and another is used as a low-pass filter to reject high
frequency noise.

Further improvement can be made to
the DAQ and Wheatstone bridge signal
conditioning, and the user interface
should see future development. These
areas for improvement do not diminish
the progress made by this project.

OPTIMIZATION

• An encoder, attached to the rear of the motor, reads
the angular velocity of the rotor. An Arduino Due
was programmed to read and communicate the strain
and angular velocity measurements back to the
operator through Matlab and the Arduino IDE. This is
where the strain and angular velocity measurements
are used to calculate 𝑇 and 𝜔, respectively.

More testing is being done to improve the conditioning
and communication of the strain gauge signal as well as
the encoder reading.

This test stand has the prospect of being used for years to come
in the USM engineering department’s wind tunnel. It can
alleviate some of the complexities that convolute model wind
turbine study. If nothing else, it will serve as a design iteration
for the next student to build off.
,
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